The inhibition of corrosion of mild steel in hydrochloric acid solutions by 2-benzoylpyridine (2BP) and pyridoxolhydrochloride (PXO) at 303K, 313K and 323K has been investigated using weight loss and hydrogen evolution techniques. 2BP exhibited higher maximum inhibition efficiency (78.99%) than PXO (71.93%). Generally inhibition was found to increase with increasing inhibitor concentration and decreasing temperature. A first order type of mechanism has been deduced from the kinetic treatment of the results and the process of inhibition was attributed to physisorption. The difference in the inhibition behaviour of the two compounds has been explained on the basis of structure dependent electron donor properties of the inhibitors.
Introduction
The serious consequences of corrosion tend to jeopardize safety and inhibit technology progress because of the vital role of metal to the world economy 1 . The continuous painting of steel structures reveals that corrosion of steel is an ever increasing problem 2 . The inhibition of steel corrosion has continued to pose a lot of problems for scientists and engineers 3 . Several N-and S-containing organic compounds have been employed as inhibitors for the corrosion of mild steel in hydrochloric acid solutions at certain concentrations and temperatures [4] [5] [6] [7] . This present investigation is aimed at studying the inhibition of mild steel corrosion in hydrochloric acid by 2-benzoylpyridine and pyridoxol hydrochloride via weight loss and hydrogen evolution techniques (gasometric assembly).
The weight loss method enables us to illustrate the importance of the environment in the process of rusting while the hydrogen evolution technique allows us to assess the effectiveness of the inhibitors at high corrodent concentration (up to 8 M). The relevant equation used in the calculation of inhibition efficiency, I (%) has the form: 
Where, ∆W B and ∆W i are the weight loss (or hydrogen gas evolution) data of metal coupons in the absence and presence of the inhibitors respectively. This study is a continuation of our extensive studies on the efficiency of pyridoxolhydrochloride as potential corrosion inhibitors 7 .
Experimental
The sheets of mild steel obtained locally and of thickness 1.00 mm, purity 98.76% were mechanically press-cut into 5 X 2 cm coupons. The two faces had 20.0 cm 2 total geometric surface areas. The average weight of the mild steel is 7.5000 -7.8700 g.
The coupons were used as supplied without further polishing. However, these coupons were degreased in absolute ethanol, rinsed with double distilled water and dried in acetone. The treated coupons were then stored over calcium chloride in moisture free desiccators before use for corrosion studies to prevent contamination. The 2-benzoylpyridine used as inhibitor was supplied by Aldrich-Chemie while pyridoxolhydrochloride, by E.Marck Darmstadt. Both were of 99.0% purity. The mild steel coupons retrieved were immersed in a solution of 20% sodium hydroxide containing 200 g / litre of Zn dust to terminate the corrosion reaction. Each coupon was scrubbed with brittle brush, several times inside water to remove corrosion product, dried in ethanol and acetone and then weighed.
Weight loss measurements
The weight loss was calculated in grams as the difference between the initial weight prior to immersion and weight after removal of the corrosion product. Each reading reported is an average of two readings recorded to the nearest 0.0001 g on a mettler AE 166 Delta range analytical balance.
The second segment of the corrosion work involved the preparation of five different concentrations (1.0 x 10 -2 , 1.0 x 10 -3 , 1.0 x 10 -4 , 1.0 x 10 -5 and 1.0 x 10 -6 M) of 2BP and PXO in 2 M HCl solutions. These concentrations of the inhibitors were contained in three sets of six separate beakers kept at 30, 40 and 50 o C. Eighteen 250 mL beakers which are separately contained 1.0 x 10 -2 to 1.0 x 10 -6 M concentrations of 2BP and PXO with their blank (which only contained 2 M HCl without additives were maintained at 30, 40 and 50 o C. Previously weighed mild steel coupons were then placed in the corrodent inhibitor solutions with each solution containing one mild steel coupon. As before, each coupon was retrieved from the test solutions at 24 h intervals progressively for 168 h (7 days), washed and weighed. The difference in weight of the coupons was again taken as the weight loss.
Hydrogen evolution measurement, via the gasometric assembly
The gasometric assembly 8 was used in measuring volumes of hydrogen gas evolution from the corrosion reaction system. A 250 mL solution of 8 M HCl was introduced into the reaction vessel connected to a burette through a delivery tube. The initial volume of air in the burette was recorded. One mild steel coupon of average weight of 7.8 g was dropped into the 8 M HCl solution and the reaction vessel quickly closed to prevent escape of hydrogen gas.
Variation in the volume of hydrogen gas evolved with time was recorded every 1minute for 2 h. Each experiment was conducted on a fresh specimen of metal coupon. The hydrogen gas evolved displaced the fluid in the gasometric setup, which is read directly. The experiment was repeated in the presence of the five different concentrations of 2 BP and PXO, 1.0 x10 -2 to 1.0x10 -6 M as used in the weight loss experiments.
Results and Discussion

Effect of corrodent concentration on mild steel corrosion
The influence of corrodent concentration on mild steel corrosion is shown in Figure 1 . It is observed that mild steel corrode in different concentration of HCl solutions, because there is a decrease in original weight of the coupons. The corrosion is attributed to the presence of water, air and H + , which accelerate the corrosion process 9 . The anode dissolution mild steel in HCl solutions is as follows:
The dissolution is initiated at the surface of the metal, which is the reaction site. The plots of corrosion rates (g\cm 2 \day) versus concentration of HCl solutions as exhibited in Figure 2 buttressed the fact that the corrosion rate (g\cm 2 \day) increased with corrodent concentration and time. Similar observation and appropriate explanation was given by earlier researchers 2, 6, 9 .
Effect of temperature on the corrosion of mild steel by HCl solution
The effect of temperature on the corrosion of the metals was investigated and presented in the Figure 2 and 3 . There is a progressive increase in weight loss as the temperature is increased from 303 to 323K. This signifies that the dissolution of the metals increased at higher temperatures.
This observation is attributed to the general rule guiding the rate of chemical reaction, which says that chemical reaction increases with increasing temperatures. Also an increased temperature favors the formation of activated molecules, which may be doubled in number, with 10 o C in temperature, thereby increasing the reaction rate. This is because the reactant molecules gain more energy and are able to overcome the energy barrier more rapidly 11 . The increase in weight loss with increasing temperatures may also be due to increase in the rate of diffusion and ionization of reacting species in the corrosion process, as temperature increases. An increase in temperature may also increase the solubility of the protective films on the metals, thus increasing the susceptibility of the metal to corrosion 6 .
Effect of inhibitors concentration on inhibition efficiency
Figures 4-7 reveal that the compounds 2 BP and PXO actually inhibit the corrosion of mild steel in HCl solutions to a remarkable extent. Inhibition efficiency was observed from the plots to increase with increased inhibitor concentration but with decreased temperature. 
Hydrogen evolution results via the gasometric assembly
The general decrease in hydrogen gas evolution with time as concentration of additives increased from 0.00001 M to 0.01 M (Figures 8 and 9 ) confirm that the inhibition efficiency increases with concentration of the additives. Similar observation has been reported earlier 9,10 . 
Kinetic treatment of weight loss results
The corrosion reaction is a heterogeneous one, composed of anodic and cathodic reactions with the same or different rate. It is on this basis that kinetic analysis of the data is considered necessary. In this present study, the initial weight of mild steel coupon at time t, is designated Wi, the weight loss is ∆W and the weight change at time t, (Wi -∆W). The plots of log (Wi-∆W) against time (min) at 303K and other temperatures studied, showed a linear variation which confirms a first order reaction kinetics with respect to the corrosion of mild steel in HCl solutions at 303K without inhibitor (Figure 10 ). 
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Comparison of the corrosion inhibition behaviour of the inhibitors studied
There is a general decrease in the rate constants from 303K -323K with increasing concentrations of the additives (Table 4 and 5). The increase in half-life (t 1/2 ) shown when the additives are present further supports the inhibition of mild steel in 2 M HCl by the additives. The increase in half life indicates more protection of the metals by the additives 11 . The average activation energies of 50.04 kJ mol -1 and 44.08 kJ mol -1 were obtained in the HCl -PXO and HCl -2BP systems respectively at 303 -313K. On the basis of these experimentally determined activation energy values, the additives are physically adsorbed on the coupons. Therefore, it is probable that a multilayer protective coverage on the entire mild steel surface was obtained. The inhibitors are found to be more effective at 303K (lower temperature) than 313K and 323K (higher temperatures), signifying that the compounds are physically adsorbed on the mild steel coupons.
The inhibitive effect of the inhibitors may be explained by considering the adsorption of the molecules through the heterocyclic nitrogen of the pyridine, available electron rich oxygen and complex formation (surface chelation) on the corroding metal surface. It is evident that the inhibition efficiency of 2BP and PXO depends mainly on the molecular size of the compounds, the charge density on the adsorption sites, π electron clouds, mode of interaction with the metal surface and formation of metallic complexes.
It is observed from the results ( Table 6 and 7) that 2BP is more inhibitive than PXO. This observation could be attributed to the presence of two adsorption centres (the heterocyclic nitrogen atom, and the carbonyl oxygen atom) in the 2BP while PXO has only the heterocyclic nitrogen as the adsorption site (Figure 13 and 14) . Electrons are pulled from the benzene ring on the oxygen atom of the benzoyl group giving it higher electron density than PXO. 2BP could also been inhibiting more due to the presence of the two benzoyl groups which increase its molecular size leading to a larger surface coverage. The effectiveness of 2BP also appears to depend on the high charged density on the N and O-adsorption sites due to the availability of the π electron clouds from the two benzene rings contained in the molecule (Figure 14) . 
Conclusion
The present study shows that 2BP and PXO inhibit the corrosion of mild steel in 2M hydrochloric solution to a remarkable degree, with the former being a better inhibitor than the latter. On the basis of activation energy and the experimentally observed increase in inhibition at low temperatures, a physiosorption process is proposed for the inhibitor action of the two compounds.
